Our aim is to determine whether computed tomography angiography (CTA) before intravenous thrombolysis (IVT) affects renal function in acute ischemic stroke (AIS) patients. We performed an observational analysis of AIS patients treated with IVT for three years. Patients were classified into 2 groups: those who underwent CTA (CTA-group) and those who did not (control-group). Differences in creatinine levels between baseline and 24-72 hours after IVT were calculated. Acute renal dysfunction (ARD) was defined as an increase in serum creatinine level of ≥0.5 mg/dL and/or ≥25% above baseline within 24-72 hours after IVT. 190 patients were treated with IVT. Renal function (before and after IVT) was assessed in 162 (115 in control-group; 47 in CTA-group). Nine patients (5.5%) developed ARD (2 (4.2%) in CTA-group and 7 (6.1%) in control-group; = 0.6). CTA was not associated with a higher risk of ARD and did not affect the efficacy or safety of IVT. Previous chronic renal insufficiency, baseline creatinine levels, and previous use of nonsteroidal anti-inflammatory drugs were associated with a significant increase in creatinine levels, independently of contrast use. In conclusion, CTA does not seem to increase the risk of renal dysfunction. This technique may be used safely without knowledge of baseline creatinine levels.
Introduction
Computed tomography angiography (CTA) is commonly used in patients with acute ischemic stroke (AIS) to diagnose cerebral arterial occlusion before thrombolysis. This technique makes it possible to identify intracranial and extracranial vascular stenoses or occlusions, which are a relevant prognostic factor indicating intra-arterial interventions such as thrombolysis or mechanical thrombectomy [2] [3] [4] .
Computed tomography perfusion (CTP) has proven useful for assessing the extent of brain ischemia and for identifying "tissue at risk" that is potentially salvageable with recanalization. CTP also enables clinicians to optimize acute stroke therapy and to predict clinical outcome [5, 6] .
The advantages of CTA and CTP over magnetic resonance-based techniques are that they are accessible in the emergency department, inexpensive, fast, and well tolerated. In addition, the spatial resolution of both techniques is high [6] .
However, administration of nonionic contrast agents can lead to elevated serum creatinine levels, which are associated with poor outcome and increased mortality in patients with AIS [4, 7, 8] , and contrast-induced nephropathy (CIN), which has been associated with higher morbidity and mortality in patients undergoing cardiovascular interventions [4, 9] . Mehran et al. [1] developed a risk score to predict CIN in patients undergoing percutaneous coronary intervention. However, data on CIN in patients with AIS are limited.
In many centres, CTA is only indicated after ruling out preexisting renal disease [10] , since it has been identified as the main risk factor for CIN [11] . In some hospitals, CTA, CTP, and thrombolysis are administered without knowledge of baseline creatinine levels [4, 6] in order to avoid delays. The safety of such procedures is not well known.
The aims of our study were as follows: (1) to investigate whether CTA before intravenous thrombolysis (IVT) affects renal function in patients with AIS; (2) to identify factors that 2 ISRN Stroke can impair renal function; and (3) to determine whether the use of contrast agents interferes with the efficacy and safety of IVT.
Materials and Methods
We performed a retrospective observational analysis of a prospectively collected cohort of consecutive AIS patients treated with IVT and admitted to our stroke unit from January 2009 to December 2011.
Intravenous tissue plasminogen activator (tPA) was administered at a standard dose (0.9 mg/kg) according to recommendations for ischemic stroke treatment. Since the publication of the European Cooperative Acute Stroke Study III and data from the Safe Implementation of Treatment in Stroke registry, patients have been treated within the 4.5-hour time window [12, 13] . All patients or next of kin signed an informed consent document before IVT. Clinical data were included in a database approved by the local ethics committee.
Neurological examination and cranial CT scans were performed on admission in order to establish the stroke subtype and indication for treatment. Stroke severity was assessed at baseline according to the National Institutes of Health Stroke Scale (NIHSS). All evaluations were performed by NIHSS-certified neurologists. A posttreatment CT scan was performed after 24 hours or in cases of neurological deterioration.
We prospectively recorded the following parameters: (1) demographic data (age, gender); (2) vascular risk factors (e.g., history of hypertension, diabetes mellitus, dyslipidaemia, previous diagnosis of atrial fibrillation, previous diagnosis of congestive heart failure, smoking, previous diagnosis of chronic renal disease, and previous diagnosis of stroke); (3) previous treatments (antiplatelet therapy, anticoagulants, nonsteroidal anti-inflammatory drugs (NSAIDs), and metformin); (4) symptom onset-to-treatment time; (5) blood pressure on admission; (6) baseline NIHSS score; (7) laboratory parameters at baseline and within 24-72 hours after IVT (e.g., serum glucose, serum creatinine, serum nitrogen urea, C-reactive protein, hemoglobin, hematocrit, platelets, international normalised ratio, fibrinogen, and homocysteine).
CT studies were carried out using a multislice CT scanner (Toshiba Aquilion 64, Toshiba Medical Systems Corporation, Japan). CTA was performed using a low osmolar nonionic contrast agent (ioversol; Optiray 300 ultraject, Covidien Pharmaceuticals, Hazelwood, Missouri, USA). The dose of contrast agent was 80 mL for the circle of Willis study and 115 mL for the combined study of the circle of Willis and supra-aortic trunks. For CTP, we used 40 mL of nonionic contrast agent with a flow rate of 4 mL/sec. For conventional cerebral arteriography, the total dose of nonionic contrast agent was 150 mL. We did not apply any specific hydration protocol or specific management before or after contrast administration.
Patients were classified into 2 groups: the CTA group (patients who underwent CTA before IVT) and the control group (patients studied only with plain cranial CT). Performance of CTA depended on the availability of the technique and the advice of the physician attending to the patient at the time. All patients in the CTA group underwent CTA before baseline creatinine levels were available.
We calculated differences between creatinine levels at baseline (before CTA and IVT) and within 24-72 hours after IVT. Acute renal dysfunction (ARD) was defined as an increase in the serum creatinine level of ≥0.5 mg/dL and/or ≥25% above baseline within 24-72 hours after IVT [14] . We considered the patient to have CIN when ARD occurred after administration of the contrast agent [14] .
The risk score for prediction of CIN developed by Mehran et al. [1] was calculated for patients in the CTA group. The score includes the following variables: hypotension after administration of the contrast agent (systolic blood pressure < 80 mmHg for at least 1 hour requiring inotropic medication) (score 5); intra-aortic balloon pump within 24 hours after administration of contrast agent (score 5); congestive heart failure ≥ NYHA III (score 5); age > 75 years (score 4); anemia (baseline hematocrit < 39% for men and <36% for women) (score 4); diabetes (score 3); contrast media volume > 100 cc (score 1 for each 100 cc); and serum creatinine >1.5 mg/dL (score 4). The risk of CIN is 7.5% when the total score is ≤5, 14% with a score of 6-10, 26.1% with a score of 11-16, and 57.3% with a score of >16.
The incidence of symptomatic intracerebral hemorrhage (SICH) according to the definition of the Safe Implementation of Thrombolysis in Stroke-Monitoring Study (SITS-MOST) [15] and 3-month mortality was recorded. Functional outcome (rated using the modified Rankin scale) at 3 months was assessed. Favourable functional outcome was defined as a modified Rankin scale score of 0 or 2 at the 3-month visit.
The statistical analysis was performed using SPSS version 15.0. The results were expressed as proportions for categorical variables and as mean and standard deviation or median and interquartile range for continuous variables. Categorical variables were compared using the 2 test or 2-tailed Fisher exact test. Continuous variables were compared using a 2-sample -test or the Mann-Whitney test. A multiple linear regression analysis was performed to identify independent variables associated with an increase in creatinine levels. The adjusted 2 was calculated to assess whether the independent variables were good predictors for the observed differences. For the comparison between the CTA group and the control group, values were adjusted for age, history of diabetes, hypertension, previous diagnosis of chronic renal disease, baseline NIHSS score, previous use of metformin, and previous treatment with NSAIDs. values < 0.05 were considered statistically significant.
Results
Between January 2009 and December 2011, we treated 190 AIS patients with IVT in our stroke unit. Baseline and control creatinine levels were determined in 162 patients. CTA was performed in 47 patients (29.6%), a circle of Willis study in 21 patients, a combined circle of Willis and supra-aortic trunk CTA in 21 patients, a combination of CTP and circle of Willis and supra-aortic trunks CTA in 4 patients, and conventional cerebral arteriography following contrast-enhanced CT in 1 patient.
The characteristics of the patients in both groups are shown in Table 1 . The distribution of risk factors and baseline parameters was similar, except for age: CTA patients were younger than control patients. Nine patients (5.5%) developed ARD, 7 patients (6.1%) in the control group and 2 patients (4.2%) in the CTA group ( = 0.6). No patients required dialysis.
CTA did not affect the risk of developing ARD or the probability of death, SICH, or favourable functional outcome at 3 months ( Table 2) .
The clinical and baseline characteristics of patients who developed ARD and patients who did not are compared in Table 3 . Patients who developed ARD more frequently had a previous history of diabetes or chronic renal insufficiency, were more frequently exposed to NSAIDs, and presented higher baseline creatinine levels. Total contrast dose and risk score for CIN were not different between patients who developed nephropathy and patients who did not.
The univariate regression analysis revealed previous history of chronic renal insufficiency, baseline creatinine levels, and previous use of NSAIDs as predictors of increased creatinine at 24-72 hours. In a multiple regression model, history of chronic renal insufficiency, baseline creatinine levels, and previous use of NSAIDs remained significant ( = 7.29, adjusted 2 = 0.33, < 0.001) ( Table 4 ).
Discussion
Our study evaluated the safety of performing CTA in patients with AIS treated with IVT before baseline creatinine levels are available. We found that CTA was not associated with a higher risk of developing ARD or with increased creatinine levels within 24-72 hours. These results did not change after adjustment for the most common predictors of ARD and increased creatinine levels. Two patients out of 47 (4.2%) had CIN. In previous studies, CIN occurred in 2% to 5% of patients with AIS after administration of nonionic contrast agents, although no patients required dialysis or developed permanent kidney dysfunction [6, 10, 16] . In contrast, the incidence of CIN after percutaneous coronary intervention is much higher (13.1%, reaching 20-30% in high-risk patients) [9] . This difference could be because conditions associated with reduced kidney perfusion are more common in patients with coronary heart disease than in those with AIS. The risk score developed by Mehran et al. [1] has proven to be an accurate tool for predicting CIN. However, the risk score of the 2 patients with CIN in our study was low, as observed elsewhere [17] . This finding may be because the score comprises variables frequently observed in patients with coronary heart disease (e.g., hypotension, intra-aortic balloon pump, congestive heart failure, and anemia), although these variables are rarely present in AIS patients. Therefore, the risk score developed by Mehran et al. may not be useful for predicting CIN in patients with AIS.
The difference in the incidence of CIN between patients with AIS and patients with coronary heart disease could be due to the higher volume of contrast media used in patients undergoing cardiac interventions (usually >150 mL) [1] than in patients with AIS [4] .
We found that variables other than exposure to contrast agents (e.g., history of chronic renal insufficiency, baseline creatinine levels, and previous use of NSAIDs) predicted an increase in creatinine levels within 24-72 hours. A previous study identified baseline creatinine levels and baseline Creactive protein as predictors of increased creatinine levels independently of CTA in patients with AIS [4] . The acute 4 ISRN Stroke nephrotoxicity of NSAIDs is well known and seems to affect elderly patients with coexisting renal disease receiving concomitant treatments (especially antihypertensive drugs) [18] . Multiple predisposing risk factors for the development of CIN have been identified. The most important predictor of CIN is a history of chronic kidney disease, which has a reported incidence of up to 50% in patients with advanced chronic kidney disease [4, 6, [19] [20] [21] . Another important predictor is a history of diabetes, which is mostly attributable to diabetic nephropathy [6, 21] . Some studies suggested that the risk of CIN increased with higher doses of contrast agent [22] [23] [24] . In AIS patients, NIHSS scores ≥ 15 seem to increase the risk for CIN [25] .
In our study, CTA did not affect mortality, the rate of SICH, or functional outcome. Previous experimental studies reported that contrast agents could disrupt the blood-brain barrier; this finding has been associated with an increased risk of SICH in patients with AIS treated with IVT [4, 26] . We did not find differences in the SICH rate between the CTA group and the control group. Similar results have been reported elsewhere [4] . Our results imply that contrast agents probably do not interfere with the safety and efficacy of IVT.
There are several limitations to our study. First, its retrospective nonrandomized design may have produced selection biases in the CTA group; CTA performance could have been avoided in patients with extremely elevated baseline creatinine levels. However, the proportion of patients with creatinine levels >1.5 mg/dL was higher in the CTA group than in the control group (8.5% Versus 4.3%). Also, CTA group patients were younger than the control patients, but in the multivariate analysis age did not affect creatinine levels within 24-72 hours. Second, it has a small sample size, with a low proportion of patients baseline creatinine levels >1.5 mg/dL ( = 9), which restricted the statistical power to detect small differences in this subgroup. Third, the study was performed at a single centre; therefore, CTA study protocol, contrast agent, and doses may not be generalized for other institutions. The main strengths of our study are that CTA was always performed without knowledge of baseline creatinine levels and that the CTA group and control group were evaluated simultaneously: in contrast with other studies, we did not use a historical control group [4, 27] .
In conclusion, our study showed that performing a CTA in AIS patients without knowledge of their baseline creatinine levels is not associated with an increased risk of developing ARD or elevated creatinine levels within 24-72 hours. However, a history of chronic renal insufficiency, baseline creatinine levels, and previous use of NSAIDs were associated with a significant increase in creatinine levels within 24-72 hours, independent of the use of contrast agents. Moreover, CTA did not affect the probability of death, SICH, or favourable functional outcome at 3 months and, therefore, did not interfere with the safety and efficacy of IVT.
